Research in space physics at the University of Iowa by Van Allen, J. A.
T H E  U N I V E R S I T Y  OF I O W A  
IOWA C I T Y ,  IOWA 5 2 2 4 0  
Department of Physics and Astronomy 
Area 319: 3534343 
Research i n  Space Physics 
a t  the University of I m a  
G r a n t  NGL-16-001-002 




J. A.  Van Allen, Professor of Physics and Head, 
Department of Physics and Astronoqy 
19 August 1971 
https://ntrs.nasa.gov/search.jsp?R=19710026669 2020-03-11T22:22:56+00:00Z
1. General Nature of the Work 
As described more f u l l y  i n  previous rzports, o m  broad 
objective i s  the extension of knowledge of the energetic parbieles 
i n  outer space and of t h e i r  relationships t o  e lec t r ic ,  magne$ic, 
and electromagnetic f i e lds  associated with the  earth, the stm, 
the moon, the  planets, and the  interplanetary medium. 
Primary emphasis i s  (a) on observational work using a wide 
diversi ty  of detectors on earth and lunar s a t e l l i t e s  and on 
planetary and interplanetary spacecraft and (b) on phenomenological 
analysis and interpretcition. 
Secondary emphasis i s  on closely related observational 
work by ground based radio-astronomical and opt ical  techniques 
and on basic theoret ical  problems i n  plasma physics. 
Specific f i e lds  of current investigation are the  foiEawing: 
(a) A l l  aspects of the energetic par t ic les  tha t  a re  trapped 
i n  the ear th ' s  magnetic f i e l d  and a re  t ransient ly present i n  the 
outer magnetosphere including the magnetospheric t a i l  of the 
ear th;  and of the  solar, interplanetary, and t e r r e s t r i a l  
phenomena tha t  are  associated with these radiations (e .g . , solar 
f lares ,  interplanetary magnetic f i e lds  and plasmas, aurorae, 
geomagnetic storms, corpuscular heating of the atmosphere, eleekx-ro- 
magnetic waves and e lec t ros ta t ic  f i e lds  i n  the magnetosphere, 
and the  ionospheric e f fec t s  of pa r t i c l e  prec3ip:tation) . miis I"i cLd 
of research was originated t o  a major exbent by %hTs labores.-bory, 
(b ) Galactic cosmic rays and energetic e l  ectrons, protons, 
alpha par t ic les ,  an1 heavier nuclei  emitted by the sun; and %he 
interplanetary propsgation of these par t ic les ,  including the  
e f fec t s  of shock wa ses. 
(c )  Radio-frequency emissions and sof t  X-radiation from bath 
the  quiescent and f l a r ing  sun and the  implicatjons thereof oar %he 
nature of the  chromosphere and on the  acceleration and. emission 
of energetic pa r t i c l e s  i n  solar  f l a r e s .  
(d )  Origin and propagation of very low frequency rgadio waves 
i n  the  ea r th ' s  magnelospbere and ionosphere. 
( e )  Shock waves i n  t he  interplanetary medium. 
( f )  The theory of wave phenomena i n  turbulent plasmas and of 
t he  or ig in  of super-thermal par t ic les .  
(g) Dekametric radio emissions from Jupi te r  and the relationski ps 
of same t o  i t s  magnetosphere. 
(h) The magnetosphere and magnetic f i e l d  of Jup i te r  and tPle 
search f o r  magnetospheres of Saturn, Uranus, Neptune, and Pluto,  
2 .  Current Pro j ect s 
(a)  Injun V ( ~ x p l o r e r  40) 
Study and analysis of nearly 22 months of data from o m  
low-altitude polar s a t e l l i t e  Injun V (operating period 8 August 
1968--30 May 1970) have been major ac t iv i t i e s  of a large fract ion 
of our research s taff  and students during the  past year. This 
work i s  continuing. Injun V has already provided ( i )  the m.os-k 
complete observational and theoret ical  understanding of the polar 
aurorae tha t  now exis t s ;  ( i i )  the  f i r s t  comprehensive survey of 
d.c. e l ec t r i c  f i e lds  i n  the  magnetosphere; (iii) the diseoveqy 
of CyNyO nuclei trapped i n  the radiation be l t s  of the  earth.; 
( i v )  a massive body of obsemt ions  on VLF radio waves i n  the 
magnetosphere and ionosphere; (v) new data on the spectra of low 
energy electrons and protons i n  the  magnetosphere; and (v i )  several 
studies of the access of solar energetic par t ic les  into the 
During the summer of 1970 Professor Ffotzer of the Max 
Planck i n s t i t u t  f;;- Stratosphaerenphysik, ~ i n d a u / ~ a r z ,  Gernany 
expressed an in teres t  i n  supporting Injun V f l igh t  operations ana 
data acquisition f o r  a special joint operation. I n  Septexibee", we  
"found" Tnjun V again (af te r  a three months' lapse) and established 
tha t  the  spacecraft and most of the experiments were i n  good 
operating condition. After an extended period of negotiations 
and arrangements and with the permission and help of ONR and T @ L S -  
we resumed operations and data acquisit ion on 19 February 1971 
and continued u n t i l  7 June 1971, a t  which time Injun V was 
"put-to-rest" f o r  the second time f o r  f inancial  and adminis-l;:ra- 
t i v e  reasons. The s a t e l l i t e  had been i n  f1i.gh-k f o r  34 months 
a t  t ha t  date, and was continuing i n  useful operating condition, 
the principal shortcoming being a deficiency i n  available power 
caused by p a r t i a l  f a i lu re  of a "power dmrp c i rcu i t"  relative13 
ear ly i n  f l i g h t .  Master science tapes from the  joint  American- 
German operation w i l l  be completed i n  l a t e  September. The data 
w i l l  be the  subject of collaborative work. 
(~ardware and other pre-fl ight support by Langley 
Research cent er/NAsA. Operation of the  North 
Liberty Radio Observatory f o r  telemetry reception 
and macro-data-reduction by the  Goddard Space 
Flight center /NA~~.  Experimenters ' data analysis 
by Langley Research ~ e n t e r / N A ~ ~ .  Basic s ta t ion  
f a c i l i t i e s  including 60 f t .  dish, 28 ft. dish, 
receivers, recorders, microwave l ink  and command 
antennas and transmitters a t  NLRO by Office of 
Naval Research) 
[Van Allen, Frank, Gurnett , Shawhan, Fennell, 
Craven, Ackerson, Akersten, Anderson, Cauffman, 
Randall, Enemark, Brechwald, Rogers, Taylor, and 
supporting personnel a t  the University of Iowa; 
Krimigis and Verizariu a t  Applied Physics Labora- 
tory  of Johns Hopkins University; Sagalyn and 
Wildman a t  A i r  Force Cambridge Research Laboratory] 
Explorers 33 and 35 
These two s a t e l l i t e s  carry similar pieces of University of 
Iowa equipment fo r  study of the  magnetosphere, solar  energetic 
par t ic les ,  solar  X-rays, and par t ic le  effects  of the  moon. 
Explorer 33 was launched into a very eccentric orb i t  on 
1 July 1966 and has operated nearly continuously u n t i l  t r a n s d t d e r  
drop-out on 31 May 1971 (59 months). An attempt w i l l  be mde to 
revive it i n  l a t e  August 1971. The major part  of the  U. of 1. 
detector array has functioned perfectly throughout. 
E q l o r e r  35 was launched on 19 July 1967 and inserted 
in to  lunar orb i t  three days l a t e r .  Since tha t  time the  space- 
c ra f t  and the  U. of I. equipment have operated essent ial ly  
perfectly and continuously, with the  exception of significant 
degradation of the  spacecraft power supply during the  past six 
months. 
These two spacecraft have provided a large volume of' 
excellent data which has engaged the in teres t  of a large 
number of research students and members of the s t a f f .  
During a lapse i n  NASA operational support f o r  
Explorer 33, 13 July 1970 t o  28 March 1971, we acquired 
telemetry with uur 60 f t .  and 28 ft .  dishes a t  NLRO. Data 
acquired during the  period totaled 79,866 minutes o r  
1,331 hours. These data were also demodulated and digitized 
a t  our own f a c i l i t y  with the help of a surplus se t  of comb 
f i l t e r s  from GSFC. 
The same f a c i l i t i e s  were used recently t o  acquire Wta 
from Explorer 35 i n  support of the Apollo 15 operation. 
( ~ a t a  reduction and analysis since 1958 and NLRO 
telemetry reception supported by Office of Naval 
~esea rch)  
[Van Allen, Innanen, Catalano, Sentman, Bums, 
Spangler, Oliven, Yeh, Venkatarangan, Sarr is  
a t  University of Iowa; Venkatesan a t  University of 
Calgary; Armstrong a t  University of Kansas; 
Krimigis a t  Applied Physics ~abora tory /~ohns  
Hopkins University] 
( c ) Explorer 43 (IMP-I ) (1971-019~) 
This NASA/GSFC spacecraft was successfully launched on 
13 March 1971 into an eccentric earth orb i t  with the  following 
i n i t i a l  parameters : period 94.3 hrs, inclination 283, 
apogee 33.1 RE, perigee 1.055 %. Two se t s  of University of 
Iowa experiments are  on board. One consists of two dual- 
e lec t ros ta t ic  analyzers for  the comprehensive spectral  measure- 
ment of electrons and protons (50 t o  50,000 e ~ )  i n  the  magne50- 
sphere and i n  interplanetary space. The other i s  a combina-bion 
of radio receivers with e lec t r ic  and magnetic antennas for  the 
study of VW radio phenomena (10 Hz - 15 HZ) i n  the  magnetosphere 
and i n  the  solar wind. Both se t s  of experiments a re  operating 
perfectly. The NLRO f a c i l i t i e s  are  being used f o r  the  reception. 
of analog VZ;F data. 
(support jo in t ly  by GSFC/NASA and ONR) 
[Gurnett, Pfeiffer  e t  a l .  on VLF radio experiment] 
[Frank, Yeager, Ketterer, Callahan, Owens on 
low energy par t ic le  experiment] 
(d) Small Scient i f ic  S a t e l l i t e  (sJ-A) 
The VLF mdio group has collaborated with the  University 
of Minnesota and the Goddard Space Flight Center i n  developfirbg 
a se t  of f l i g h t  apparatus f o r  t h i s  mission, i n  a moderately 
eccentric o rb i t  about the  earth.  Launch i s  now scheduled fo r  
November 1-971. 
[Gurnett, Shawhan, Anderson e t  a l . ]  
(e ) IMP-H and IMP-J 
Work i s  psogressing well  on the  construction of l a w  E?nera 
proton-electron e lec t ros ta t ic  analyzers (similar t o  those on 
IMP-I) f o r  both of these two missions, a s  i s  work on a VZF m*dio 
experiment f o r  IMP-J. 
IMP-H i s  scheduled f o r  launch - March 1972 and IMP-J, 
f o r  - June 1973. 
[Electrostatic analyzers, Frank e t  a l .  ] 
[VLF radio, Gumett e t  a l .  ] 
( f )  Gemn-American Solar Probe ( ~ e l i o s )  
VLF radio equipment i s  being b u i l t  f o r  t h i s  in t eq la rne taq  
spacecraft which i s  scheduled f o r  - 19'73 launch. The planned 
solar  orb i t  w i l l  make it possible t o  measure interplanetary 
(solar-wind) and solar generated radio emissions (10 Hz t o  
15 ~ f z )  from 1.0 t o  0.3 A.U. from the  sun. 
[Garnett, Pfe i f fe r  e t  a l . ]  
( g )  British-American Near Earth S a t e l l i t e  (UK-4) 
L m  energy pa r t i c l e  measurements similar t o  those on 
I n j w  V w i l l  be made i n  t h i s  mission, with emphasis on the  
auroral zone. Launch i s  scheduled f o r  e i ther  November 1971 o r  
January 1972. 
[Frank, Craven, Enemark, Ketterer, callahan] 
(h) Pioneers F and G ( ~ s t e r o i d l ~ u p i t e r  ~ i s s i o n s )  
These spacecraft a re  intended t o  f l y  outwards from the 
earth, through the  asteroid b e l t  and petst the  planet Jupiter a t  
a c losest  distance of approach of 5 3 planetary r ad i i .  After 
encounter, they w i l l  continue on t r a j ec to r i e s  such a s  t o  
eventually escape from the  so lar  system. The earth-Jupiter flight 
time i s  about 650 days. T t  may be possible t o  receive useful 
telemetry f o r  as  long a s  ten years. 
The University of Iowa experiment i s  designed t o  make an 
exploratory survey of the in tens i t ies ,  energy spectra, and dis-  
t r ibu t ion  of energetic electrons and protons i n  the radiation 
b e l t s  of Jupi te r  and t o  study t h e  interplanetary propagation of' 
solar  electrons and protons t o  large heliocentric r ad ia l  
distances. 
The f l igh t  uni t  f o r  Pioneer F was completed and delivered 
i n  May 1971. The f l i g h t  uni t  f o r  Pioneer G i s  completely bui1-k 
and i s  now undergoing environmental t e s t s  and physical calibra- 
t ion .  Beginning i n  October the  prototype uni t  w i l l  be refurbished. 
as  the back-up uni t  fo r  Pioneer G. 
The launch window for  Pioneer F i s  28 February t o  11 March 
1972 and f o r  Pioneer G, April 1973. 
(support by Ames Research cent er/NASA) 
[Van Allen, Randall, Enemark, Owens, Baker, ~ u t h e y ]  
( i )  Injun V I  (1njun F)  
A twelve-month Design Study Contract (NASI-10445) f o r  
Injun F was agreed upon by the Langley Research ~ e n t e r / N A ~ ~  and 
the University of Iowa on 25 November 1970. This mission was 
proposed or iginal ly  i n  December 1968 under the  t i t l e  "Propoe:ed 
Investigation of the  % r t h f s  Polar Magnetosphere a t  Large Radial 
Distances". This (Phase B) design work has been proceeding 
during the past nine months toward a definit ive,  detailed design 
including an engineering t e s t  structure.  The s a t e l l i t e  i s  
planned t o  weigh 58 pounds and t o  be launched by a five-stage 
Scout from the  Pacific Missile Range into a 90' incl inat ion 
orb i t  having apogee a t  16 earth r ad i i  over the ear th ' s  north 
pole and perigee a t  an a l t i t ude  of - 500 km over the  south pole, 
Operational control of the  s a t e l l i t e  and most of t h e  telemetry- 
acquisit ion w i l l  be done by our North Liberty Radio Obsenratong~, 
The s a t e l l i t e  w i l l  carry three basic sc ient i f ic  instruments 
f o r  the investigation of the par t ic les  and the  e lec t r ic  and 
magnetic f i e lds  associated with the  ear th 's  polar magnetosphere 
i n  the v ic in i ty  of the hypothetical magnetic neutral  point. 
(i ) A f our-range, three-axis Schonstedt f lux-gate mgnetmeker 
t o  measure the vector magnetic f i e l d .  ( ~ r e s e n t l y  plamed 
f u l l  scale ranges on each axis  are  a s  follaws: 
+ 100 gammas, 2 600 gammas, + 3,000 gammas, and 
- - 
+ 10,000 gammas -- selectable by ground command.) 
- 
( i i )  A Law-Energy Proton and Electron Differential  Electrostatic 
Analyzer (LEPEDEA ) t o  measure the  d i f f e ren t i a l  energy 
spectra of protons and electrons, separakely and simul- 
taneously, over the energy range 4 eV t o  40,000 eV f o r  
a wide range of in tens i t ies  and the  integral  in tens i t ies  
of ;2 40 keV electrons and/or > 600 keV protons. 
(iii) An EL??-VL?? Electr ic  and Magnetic Fields apparatus t o  
study the  character is t ics  and origin of naturally 
occuring radio noises and plasma i n s t a b i l i t i e s  i n  the 
ear th 's  polar magnetosphere and magnetosheath. The 
e lec t r ic  antenna (100 ft . t ip- to- t ip)  and associated 
receiver depend on the  successful experience with similar 
apparatus on Injun V and w i l l  operate over the  frequency 
range 1 Hz t o  30 kHz. The magnetic antenna (a search 
c o i l  magnetometer) and i t s  associated receiver cover the 
frequency range 1 Hz t o  3 kHz. 
A preliminary design review was conducted a t  LRC on 
30 April 191. The f i n a l  design review under the  present 
contract i s  scheduled for  mid-October 191. Tentative approval 
t o  proceed with construction of f l igh t  hardware is  currently 
under consideration by WSA. I f ,  a f t e r  the  f i n a l  design review, 
f u l l  approval i s  given and a construction contract executed, 
we w i l l  plan on launch i n  l a t e  1973. 
( ~ e s i g n  support by LRC/MSA) 
[Van Allen, Frank, Gwmett, Rogers, Enemrk, Craven, 
Oliven, Randall, Brechwald, Jagnow, Leimer of the 
University of Towa and Cahill of University of 
Minnesota] 
(3 > Theory 
Theoretical studies a re  being made on the  propagation 
of solar  protons, alpha part ic les ,  and electrons i n  i n t e r p l a n e k a ~  
space ; on the  emission of X-rays and radio noise by the  sun; on 
the  generation and propagation of very low frequency radio mves 
i n  the  magnetosphere and on the relationship of such waves %o 
par t ic le  acceleration, diffusion, and precipita-bion; on waves 
i n  the interplanetary medium; and on the  radiation be l t s  of 
Jupiter.  
(Support by ONR and NASA) 
[Gurnett , Shawhan, Taylor, Luthey, Innanen] 
(k) Solar Radio Noise 
The Collins %die Company 1.95 cm radiometer-polarime-ber 
a,t the North Liberty Radio Observatory has recently been rebui l t  
and i s  being used f o r t h e  study of radio f l a r e s  on the sun. 
Special i n t e re s t  attaches t o  f l a r e s  whose X-ray and par t ic le  
emission i s  observed by Emlorers 33 and 35 and I n j m  V. 
[Shawhan and Sar r i s  ] 
(1) Electron Density i n  the Solar Corona 
The occultation of the  pulsar NP 0532 by the  solar  corona 
(closest  approach of l i ne  of sight t o  center of the sun: 5 solar 
r ad i i )  has been observed i n  mid-June of three successive years 
1969, 1970, and 1971 a t  the Arecibo Radio Observatory a t  three 
different radio frequencies (111.5, 196.5, and 430.0 MHZ) . The 
observations of dispersion measure a s  a function of time as  t he  
occultation proceeds yield absolute values of coronal electron 
density over the  range 5 t o  20 solar  r a d i i  i n  an en t i re ly  new 
m y  and with much improved accuracy aver existing values. 
(Support by NASA) 
[Rankin and Erskine] 
(m) Spectro-Ebotometry of Planets 
A program of absolute spectro-photometry of the planets 
Jupiter,  Saturn, Uranus, Neptune, and Pluto and s a t e l l i t e s  of the 
major planets i s  underway, using the U. of Iowa 24" opt ical  
telescope. The object i s  t o  increase knowledge of the  nature of 
t h e i r  surfaces and atmospheres. One paper on Pluto has been 
submitted for  publication. The current work on Jupi ter  i s  of 
special in teres t  t o  the  space physics group. 
(support by NSF ) 
[PSeff and Fix] 
(n) Very-Long-Base-Line Radio Interferometry 
A program of VLBI obsemations i s  being developed a t  NLRO 
i n  collaboration with Iowa State ~niversity/Ames, ~OAA/~aulder, 
GSFC, and the  National Radio Observatory i n  Greenbank, W. Va, 
In  contrast t o  most other VLBI experiments, a lm frequency, 
26.5 MHz, has been selected i n  order t o  study the  dekametric 
emissions from Jupiter  and the  structure of the interplanetary 
plasma. The f i r s t  substantial  ser ies  of observations i s  undemy 
during August 1971. 
(Support by NASA) 
[Shawhan and Taylor] 
3. Senior Academic Staff i n  Space Physics 
[July 19711 
Van Allen, James A., Professor of Physics and Head of 
Department of Physics and Astronomy 
Frank, Louis A., Associate Professor of Physics 
Gurnett, Donald A. ,  Associate Professor of Physics 
Shawhan, S. D., Assistant Professor of Physics 
Craven, John D . , Re search Associate 
Olitren, Melvin H . , Research Associate 
Rankin, John M., Research Associate 
Luthey, Joe L . , Re search Associate 
Also i n  closely related work 
(astronomy and plasma physics ) 
Montgomery, David C . , Professor of Physics 
Knorr, @or&, Associate Professor of Physics 
Swift, Daniel F., Visi t ing Associate Professor of Physics 
[September 19711 
Neff, John S., Associate Professor of Astronomy 
Fix, John D . , Assistant Professor of Astronomy 
Joyce, Glenn R., Assistant Professor of Physics 
4. Senior Engineering and Administrative S t a f f  
[July  19711 
Enemark, Donald C . , Research Assis tant  Professor of  Physics 
Brechwald, Robert L ., Senior Computer Programer and Systems 
Analyst 
Rogers, John E . , Project  Manager 
Robert son, Thomas D . , Contracts Administrator 
Anderson, Roger R., Research Physic is t  
Gabel, Ronald H., Research Physic is t  
P fe i f fe r ,  G. W i l l i a m ,  Research Physic is t  
Yeager, David M., Research Physic is t  
Randall, Roger F . , Research Physicist  
Henry, Kaye , D r a f ' t  ing Shop Supervisor 
Freund, Edmund A., Supervisor, Deparbmental Machine Shop 
Robison, Evelyn D . , Publications Supervisor 
Swaf Is, James K., Data Reduction Supervisor 
Dunlavy, D .  David, S ta t ion  Manager, North Liberty Radio 
Observatory 
5 0 Junior Academic Staff i n  Space Physics [July 19'711 
A l l  of those l i s t e d  helm are  graduate students, engaged i n  research i n  space physics. 
P r inc iml  Research Fro1 ect 
Ackerson, Kent L. 
Anderson, Roger R. 
Baker, Dan W .  
*Burns, Thomas B. 
Callahan, Timothy 
Casey, David 
Vatalano, Charles P. 
Chen, Sha-Lin H .  
*Ha Costa, ~ o s e )  M. 
Research Assistant 
Research Physicist 









Auroral Part ic les  (1njun V )  
VLF Radio ( s ~ - A )  
Detector Calibrations (pioneers F/G) 
Waves i n  Plasma (Theoretical) 
Detector Calibrations (IMP-I and UK-4) 
V I S  Radio (1njun V )  
Solar X %ys ( ~ a r i n e r  V, Explorers 33/35) 
Solar Radio Emissions 
Detector Calibrations (pioneers F/G) 
Ehery, Mark H. Research Assistant Plasma (Theoretical) 
Erskine, Fred T. Research Assistant Pulsar Observations (Arecibo ) 
Flindt,  Herbert R. NDEA Fellow Access of Solar Particles t o  the Magnetosphere 
 heor ore tical) 
Hosford, Norman Research Assistant VXE' Radio 
Innanen, W i l l i a m  G. Research Assistant Interplanetaw Propagation of Solar Particles 
(Explorers 33/35) 
Ketterer, I-Earold E ,  Research Assistan-I; Law berm Magnebos@ea:ic Bdicles 
(IMP'S H, I, and J )  
Randall, Bruce A .  
Rodriguez, Paul 
Saf lekos, Nicolaos 
HSa r r i s ,  Ekmnanuel 
Sentman, Davis 
Shaw, Robert R.  
Sheu, Yung-Hung Tso 
Shoucri, Magdi Mounir 
Taylor, W i l l i a m  W. L .  
Vahala, George M .  
Willhoit,  Louis E .  
Williams, James H. 
W i n g ,  W i l l i a m  R. 
Yeager, David M .  
NDEA Fellow and Link 
Foundation Fellow 
Research Assis tant  
Research Assistant  
Research Assis tant  
Research Assistant  
Research Assistant  
Resewch Assistant  
Research Assis tant  
Research Assistant  
Research Assistant  
Research Assis tant  
Research Assistant  
Oak Ridge Fellow 
Research Physicist  
Magnetospheric Protons, Electrons, and Alpha 
Par t i c les  ( ~ n j u n  V) 
VL;F Radio (1njun V )  
Diffusion of Par t i c les  i n  t h e  Magnetosphere 
( ~ h e o r e t  i c a l  ) 
Solar  Radio Emissions 
Solar  Radio Emissions 
VLF a d i o  (1njun V )  
Solar  Radio Emissions 
Plasma Ehys i c s  (Theoretical ) 
Ionospheric Radio 
Waves i n  P l a m  (Theoretical)  
Analysis of Pa r t i c l e  Data ( ~ a r i n e r s  IV/V) 
Pla sm Physics ( ~ h e o r e t i c a l )  
Plasma Physics (~x-perimental) 
Magnetospheric Par t i c les  (LK-4) 
6. Advanced Degrees Awarded i n  
S ~ a c e  Fhvsics a t  U. of Iowa 
- A- " 
16 June 1970--31 July 1971 
M.S. Degree 
Sharad Gaur (Aue;ust 1970), "Determination of Radio Source 
Characteristics Using the Very-Long-Baseline Interferomter" 
m.D. Degree 
Andrew A.  Lacis ( ~ u g u s t  1 ~ 0 ) ,  "The Structure of White Dwarf 
Envelopes and I t s  Effect on the T h e m 1  Cooling Rate" 
David P.  CaufYmn ( ~ a y  l ~ l ) ,  "A Sa te l l i t e  Study of D.C.  Electric 
Field Reversals i n  the Magnetosphere" 
7 Research Reports and Publications 
i n  Sgace Science 
16 July 1970--51 July 1971 
P. R. SENGUPTA 
Solar X-Ray Control of the E-Layer of the Ionosphere 
J.A.T.P., 2, 1273-1282, 1970 
J. A. VAN ALLEN 
Catalog of Solar X-Rays 
Solar-Geophysical Data [ ~ u l y  19701, SGD 311, Part 11, 70 
ESSA Environmental Data Service, U. S. Department of Commerce 
J. A. VAN ALLEN 
Catalog of Solar X-Rays 
Solax-Geophysical Data [July 19701, SGD 311, Part 11, 71 
ESSA Environmental Data Service, U. S. Depa 
SR . JEAN GIBSON, 0. S . B . , and JAMES A. VAN ALLEN 
Correlation of X-Ray Radiation (2-12 A") with Microwa~ 
Radiation (10.7 cm) from the Non-Flaring Sun 
Astrophys . J . , - 161, 1135-1146, 1970 
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